Introduction
============

Antimicrobial resistance is a worldwide threat to health. Antimicrobial stewardship programs are essential to withstand the emerging resistance and gain time for the development of new antibiotics. The aims of antimicrobial stewardship are to optimize antibiotic therapy in patients with a bacterial infection with an antibiotic drug that has a spectrum as narrow as possible and to avoid using antibiotics in nonbacterial causes of disease. Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) in primary care are an important field for antimicrobial stewardship because the disease burden is high. In 2009, the average COPD-related hospital admission rate in European Union (EU) member states was 184 per 100,000 population aged ≥15 years.[@b1-copd-12-285] The origin of an exacerbation in mild COPD is often nonbacterial.[@b2-copd-12-285] In addition, exacerbations, where bacteria are present, are often self-limiting.[@b3-copd-12-285] Finally, the treatment of exacerbations with antibiotics is especially evidence based in hospitalized patients showing a limited, short-lived effect on clinical outcome. Antibiotic treatment did not have a beneficial effect on clinical success on day 30 in the inpatient setting.[@b4-copd-12-285] Outpatient antibiotic prescription has been associated with the development of resistance, also in *Streptococcus pneumoniae*, the most important respiratory pathogen.[@b5-copd-12-285],[@b6-copd-12-285] Nonetheless, antibiotics are widely prescribed for AECOPD in primary care.[@b7-copd-12-285]

Guidelines by a joint taskforce of European Respiratory Society and European Society for Clinical Microbiology and Infectious Diseases taskforce state that "An antibiotic should be given in exacerbations of COPD in patients with all three of the following symptoms: increased dyspnea, sputum volume, and sputum purulence. In addition, antibiotics should be considered for exacerbations in patients with severe COPD.[@b8-copd-12-285]"In the Dutch primary care guideline for the treatment of AECOPD restrictive usage of antibiotics is recommended. The guidelines of 2007 state that AECOPD can be treated with oral corticosteroids and optimizing bronchodilator therapy.[@b9-copd-12-285] Antibiotics should be used only in patients who have signs of infection (temperature \>38°C), in combination with forced expiratory volume in 1 second (FEV~1~) \<30% of predicted, and no recovery after 4 days of prednisolone and proper bronchodilation. In patients with severe COPD and recurrent hospital admission, antibiotics can be started immediately. Both guidelines consider amoxicillin or doxycycline as first choices of antibiotics. This study evaluates antibiotic prescription in COPD exacerbations by primary care physicians based on a real-life data analysis. We assess adherence to local guideline recommendations in choices of antibiotics prescribed for AECOPD and differences in antibiotic prescription between recurrent exacerbations and single exacerbation. In addition, we provide more rationale behind the choices of antibiotics by evaluating the regional epidemiology of respiratory pathogens in sputum from COPD patients.

Methods
=======

We retrospectively analyzed anonymized electronic patient data of a longitudinal cohort of patients in three primary care practices in the north-eastern region of the Netherlands, participating in the Regional Network Groningen, from 2009 to 2013 (n=36,172 subjects). COPD patients were identified by ICPC code R95, which is an international classification system of reason for patient encounter in primary care. Prescription of antibiotics for respiratory indication was identified by disease-specific Anatomical Therapeutic Chemical (ATC) codes R02, R05, R74, R78, R81, R95, and R96. We identified exacerbation episodes in patients aged \>40 years diagnosed with COPD based on prescription of a course of oral corticosteroids by ATC code H02. Antibiotic courses were compared to the first day of corticosteroid course. Antibiotic prescriptions for respiratory indications from 10 days before to 28 days after the date of corticosteroid prescription were analyzed. Recurrent exacerbations were defined by prescription of subsequent courses of corticosteroids within 60 days of the first course.[@b10-copd-12-285] Patients who suffered from two or more exacerbations in 1 year were characterized as frequent exacerbators.[@b11-copd-12-285] Sputum cultures performed in routine practice of the identified COPD patients during exacerbation episodes were assessed for a bacterial etiology as described previously.[@b12-copd-12-285] Doxycycline and amoxicillin were considered recommended treatments as per the Dutch primary care guideline for the treatment of AECOPD.

In addition, we assessed the regional epidemiology of antibiotic susceptibility of respiratory pathogens of the northeastern part of the Netherlands. We analyzed culture results of 3,639 sputum samples from in- and outpatients with COPD from 2014 to 2015 tested in a routine diagnostic laboratory (Certe -- Laboratory for Infectious Diseases, Groningen, the Netherlands). Susceptibility patterns of *Haemophilus influenzae*, *S. pneumoniae*, and *Moraxella catharralis* were assessed. Antibiotic susceptibility results were interpreted according to the EUCAST guidelines.[@b13-copd-12-285]

The Medical Ethics Review Board of the University Medical Center Groningen ascertained that no ethical approval or patient informed consent was required.

Results
=======

We identified 1,297 patents with COPD and at least one exacerbation defined by prescription of a systemic corticosteroid course ([Table 1](#t1-copd-12-285){ref-type="table"}). In total, 1,558 exacerbations were identified, of which 1,135 were single and 423 recurrent exacerbations. Exacerbations were treated with one or more courses of antibiotics in 70% of all exacerbation episodes, adding up to a total of 1,594 courses of antibiotics. Antibiotics for respiratory indications were more often prescribed in recurrent exacerbations compared to single exacerbations (87% versus 64%, respectively; [Table 2](#t2-copd-12-285){ref-type="table"}). Doxycycline was most often prescribed (46% of antibiotic courses), followed by amoxicillin/clavulanic acid (17%), amoxicillin (11%), azithromycin (11%), and clarithromycin (9%). Thus, the recommended antibiotic regimens (doxycycline or amoxicillin) only accounted for 57% of all antibiotics prescribed. When this was subdivided into first course of antibiotics (n=1,081) and subsequent courses (n=513) during an exacerbation episode, recommended regimens accounted for 67% and 35% of antibiotic prescriptions, respectively.

Only 74 sputum samples were taken in 67 (4.3%) exacerbation episodes. Of these, in only 24/74 (32% of sputum cultures) potentially pathogenic microorganisms were cultured. *H. influenzae* was most frequently cultured (n=10) and was tested susceptible to doxycycline in 10/10 and to amoxicillin in 8/10 isolates. *Pseudomonas aeruginosa* was isolated in five cultures, *Enterobacteriaceae aceae* in four, *Staphylococcus aureus* in two, and non-*influenzae Haemophilus* spp. in two. All *P. aeruginosa* and *E. cloacae* were resistant to the initiated antibiotic treatment. However, in none of these cases, antibiotics were adjusted based on culture results. No *S. pneumoniae* were cultured, which may, in part, be due to the fact that 44% of patients had been treated with antibiotics within 10 days prior to sampling.

[Table 3](#t3-copd-12-285){ref-type="table"} shows the results of 3638 sputum cultures from COPD patients in our region. We found that in 19% of cultures, the most relevant pathogens in AECOPD *H. influenzae*, *S. pneumoniae*, and/or *M. catharralis* were isolated. Pathogens of which their role in COPD exacerbations are less well-established as *S. aureus*, *P. aeruginosa*, *E. cloacae*, and *Candida* spp. were isolated in 31% of cultures. In 50% of cultures, no potential pathogens were found.

Susceptibility results of *H. influenzae* (n=486) showed that 96% of isolates were susceptible to doxycycline, 79% to amoxicillin, 93% to amoxicillin/clavulanic acid, and 80% to sulfamethoxazole/trimethoprim. Of 204 *S. pneumoniae* isolates, 79% were susceptible to doxycycline, 95% to amoxicillin, 100% to amoxicillin/clavulanic acid, 91% to sulfamethoxazole/trimethoprim, and 78% to azithromycin. *M. catharralis* was susceptible to doxycycline in 94% of 158 isolates. Beta-lactamase production is common in *M. catharralis*, which explains the poor susceptibility to amoxicillin of 17%. *M. catharralis* showed good susceptibility to amoxicillin/clavulanic acid, macrolides, and sulfamethoxazole/trimethoprim; all were \>95%.

Discussion
==========

Real-life data analysis is a valuable tool to evaluate clinical practice and adherence to guidelines in a real-life setting, which cannot be performed in randomized controlled trials (RCTs). This study shows that antibiotics are rather widely prescribed for COPD exacerbations, and that guidelines regarding antibiotic prescription are poorly followed. The reason for the poor adherence is not entirely clear. Nonadherence to first-line antibiotic recommendations cannot be justified by existing sputum culture data since these were collected only in 4.3% of cases.

We found an overall prescription rate of antibiotics for AECOPD of 70%. A cross-sectional study showed prescribing rates of 92.9% in Russia, 81.1% in Spain, 80.6% Lithuania, and only 48.9% in Denmark.[@b14-copd-12-285] Since we detected pathogens in only a limited percentage of cultures, our local data suggest that the role of bacteria in AECOPD in primary care is limited. Evidence that antibiotics are not needed in mild exacerbations of COPD in primary care is helpful, not only to support physicians, but also to educate patients in their claim for antibiotics. A randomized double-blinded study in outpatients showed that antibiotics added to an oral course of corticosteroids did not accelerate recovery of exacerbations.[@b15-copd-12-285] In addition, a multicenter RCT addressing this question has recently started in Germany.[@b16-copd-12-285]

In severe AECOPD, it is difficult to differentiate between a bacterial and nonbacterial cause of exacerbation. Sputum purulence is associated with bacterial cause of exacerbations but the prediction is far from perfect.[@b17-copd-12-285],[@b18-copd-12-285] Treating all AECOPD with antibiotics based on sputum purulence alone would result in over-treatment.[@b19-copd-12-285],[@b20-copd-12-285] Point-of-care diagnostics may be supportive in the decision not to prescribe antibiotics.[@b17-copd-12-285] C-reactive protein (CRP) and procalcitonin tests have been evaluated for this purpose, and both allow for strategies to successfully reduce treatment with antibiotics in AECOPD.[@b21-copd-12-285] CRP as point of care test is already feasible and in use by general practitioners in the Netherlands. The addition of CRP testing during AECOPD showed a strong reduction in antibiotic prescription in patients with AECOPD with purulent sputum, and antibiotic prescription rates were 26% lower in general practitioners using CRP tests.[@b14-copd-12-285] The guidelines of Norway and Denmark recommend the use of biomarkers for treatment with antibiotics of outpatients with AECOPD.[@b20-copd-12-285] Future studies may aim to compare the usefulness of procalcitonin to CRP to reduce antibiotic prescription in AECOPD in primary care.

Following the data analysis of this study, the Dutch guidelines were revised in 2015.[@b22-copd-12-285] The updated version states that severe AECOPD can be treated with oral corticosteroids and optimizing bronchodilator therapy. In patients with FEV~1~ \>50%, there is no need for antibiotics, unless patients have signs of infection (temperature \>38°C) or there is no response within 2--4 days of treatment. CRP point of care assessment can be used to support the decision not to prescribe antibiotics. If CRP is \<20 mg/L, there is no indication for antibiotic treatment. If CRP is \>20 mg/L, the decision to start antibiotics depends on the clinical state of the patient. If CRP is above 100 mg/L, start of antibiotics is indicated.[@b14-copd-12-285],[@b17-copd-12-285] In patients with FEV~1~ 30%--50% and signs of infection, start of antibiotics is recommended independently of CRP determinations. In patients with FEV~1~ \<30%, antibiotics are recommended with or without signs of infection. Amoxicillin or doxycycline for 7--10 days is recommended as first choice antibiotics.

The role of sputum diagnostics is often underexposed in guidelines on the treatment of AECOPD.

Sputum gram stains may provide useful information in the decision not to prescribe antibiotics. If there is no suggestion of a single microorganism, or abundance of potential pathogenic microorganisms in the stain, this was found to be 100% predictive of a nonbacterial cause of AECOPD in combination with a nonclinical decrease in lung function, and \<2 exacerbations in the previous year.[@b23-copd-12-285]

Next, local or regional susceptibility data of respiratory pathogens on a population level are important for empiric choice of antibiotic treatment. On an individual level, patients may benefit from targeted treatment based on sputum culture results in case of recurrent exacerbations due to resistance to antibiotics. Our data shows that resistance of *H. influenzae* to amoxicillin is abundant, but uncommon to doxycycline. In contrast, *S. pneumoniae* may be resistant to doxycycline, but resistance to amoxicillin is rare. Thus, in case of no improvement on treatment, a switch between these first choice antibiotics seems reasonable. In patients with severe AECOPD who are at immediate risk of being hospitalized, amoxicillin with clavulanic acid seems to be the best choice based on our susceptibility data.

Our study shows that the current situation of antibiotic prescription in repeated exacerbations is suboptimal. To reduce inappropriate use of antibiotics, we agree with the updated guidelines making the prescription of antibiotics less routine, and introducing a quest for point of care testing of a biomarker (CRP). We suggest that performing sputum diagnostics prior to antibiotic treatment in patients with early treatment failure or a repeated exacerbation will further rationalize antibiotic treatment (or abstinence thereof). Empiric antibiotic treatment based on local epidemiology could immediately be started if necessary and adapted based on culture results. Differences in epidemiology and antimicrobial treatment between countries should be further analyzed in order to understand the cause and implement good-practice. Cross-border collaboration, for example, between the Netherlands and Germany could help implementation of better care in COPD patients.
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###### 

Patient characteristics and exacerbations

  ------------------------------------- ----------------
  Total study population, n             36,172
  COPD patients, n                      1,297
  Age, n                                67.1 (SD 13.2)
  Male/female, %                        51.3/48.7
  Frequent/nonfrequent exacerbator, %   35.3/64.7
  Total exacerbations, n                1,558
  Single exacerbations, n               1,135
  Recurrent exacerbations, n            423
  Courses of corticosteroids, n         2,254
  Courses of antibiotics, n             1,594
  ------------------------------------- ----------------

**Abbreviations:** COPD, chronic obstructive pulmonary disease; SD, standard deviation.

###### 

Antibiotic prescription in COPD exacerbations

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                              Single exacerbations\   Recurrent exacerbations\   Total\
                                                                                                              (n=1,135)               (n=433)                    (n=1,568)
  ----------------------------------------------------------------------------------------------------------- ----------------------- -------------------------- ------------
  Exacerbations treated with antibiotics, n (%)                                                               726 (64)                375 (87)                   1,101 (70)

  Number of antibiotic courses                                                                                815                     779                        1,594

  **Type of antibiotic, n (%)**                                                                                                                                  

  Doxycycline                                                                                                 421 (52)                306 (39)                   727 (46)

  Amoxicillin                                                                                                 107 (13)                75 (10)                    182 (11)

  Amoxicillin and clavulanic acid                                                                             122 (15)                155 (20)                   277 (17)

  Azithromycin                                                                                                66 (8)                  110 (14)                   176 (11)

  Clarithromycin                                                                                              66 (8)                  79 (10)                    145 (9)

  Erythromycin                                                                                                2 (\<1)                 1 (\<1)                    3 (\<1)

  Trimethoprim/sulfamethoxazole                                                                               11 (1)                  18 (2)                     29 (2)

  Ciprofloxacin                                                                                               12 (1)                  32 (4)                     44 (3)

  Moxifloxacin                                                                                                3 (\<1)                 0                          3 (\<1)

  Recommended antibiotic prescribed (amoxicillin or doxycycline), n (%)                                       528 (65)                381 (49)                   909 (57)

  Recommended antibiotic prescribed in subsequent antibiotic courses (n=513) in exacerbation episode, n (%)   --                      --                         180 (35)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviation:** COPD, chronic obstructive pulmonary disease.

###### 

Antibiotic susceptibility patterns of sputum isolates from COPD patients

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                            *Haemophilus influenzae*, n S/I/R\   *Streptococcus pneumoniae*, n S/I/R\   *Moraxella catharralis*, n S/I/R\
                                                            (% susceptible)                      (% susceptible)                        (% susceptible)
  --------------------------------------------------------- ------------------------------------ -------------------------------------- -----------------------------------
  Doxycycline                                               468/8/10 (96)                        158/5/38 (79)                          148/7/3 (94)

  Amoxicillin                                               386/0/100 (79)                       193/4/7 (95)                           23/0/135 (17)

  Amoxicillin/clavulanic acid                               451/0/35 (93)                        --                                     155/0/4 (97)

  Erythromycin[a](#tfn3-copd-12-285){ref-type="table-fn"}   0/420/63 (0)                         156/2/43 (78)                          152/0/6 (96)

  Trimethoprim/sulfamethoxazole                             391/6/89 (80)                        181/3/16 (91)                          154/1/4 (97)

  Ciprofloxacin                                             480/0/0 (100)                        --                                     156/0/1 (99)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Erythromycin is the class representative for macrolides including azithromycin and clarithromycin. Susceptibility of *H. influenzae* to macrolides is interpreted as intermediate if tested susceptible according to EUCAST guidelines.

**Abbreviations:** COPD, chronic obstructive pulmonary disease; S/I/R, susceptible/intermediate/resistant according to EUCAST guidelines.
